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The earth's crust (d-djV' ajdill) is divided into rock and soil. Rock is a 
natural strongly cemented accumulation (£-^h) of particles of different 
minerals. Solid rock relatively has very high strength. Soil is the 
accumulation of solid particles produced by mechanical disintegration of 
rock and other weathering processes. It may contain organic constituents 
(djdac. dLjla) and water. There is no distinct division between rock and soil 
since fractured (<jLLb) r0 ck may be as strong as, or even weaker than, some 
types of soil. 


Soil is the material which supports the foundation of all structures. It is also 
used as a construction material for earth dams, embankments and roads. In 
engineering practice, knowledge of the physical properties of soil and its 
behavior under load is very important. In recent years, study of the 
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engineering aspects of soil gained great advances. The term Soil Mechanics 
has been introduced to account for the application of the laws of mechanics 
and hydraulics to engineering problems dealing with soil. The main objectives 
of Soil Mechanics is to present theories, principles and procedures by which 
the behaviour of soil in the field when exposed to structure loads can be 
understood and predicted. 


1.2 History of development of soil mechanics 

Soil Mechanics is considered a practical science, not a purely fundamental or 
mathematical one. In fact, advances in Soil Mechanics has resulted from 
development of empirical knowledge throughout all civilizations. 

Since earliest times, mankind used to build with or on soil. The Ancient 
Egyptians built many types of buildings. They used to construct their 
important structures such as temples and pyramids on rock as a solid 
foundation. However, some structures reflect their knowledge, or sense, of 
some of the mechanical properties of soil. On 2000 B.C. They used timber 
and stone caissons (CjUj^js) for construction in soft ground. The cutting edge 
( s jsU^') of the caisson was made of circular limestone block shaped as a ring. 
The outer surface of the caisson was made smooth such that side friction 
during sinking (o=y>dl) was reduced. 

The Babylonians made an ancient remarkable construction which consisted of 
huge retaining walls supporting the famous hanging gardens (^-akdl 

In Romans times numerous structures were built in a way which 
proved that they were aware (M>> <^dc.) of soil properties, even on empirical 
basis. Large public buildings, harbors, bridges, breakwaters, sewage lines, 
roads, etc. required solution of many soil mechanics and foundation problems. 

During the following civilizations numerous heavy structures were built 
successfully and lasted for long decades. Some of them, however, suffered 
from excessive settlement (iil j Isjja) which occurred due to compressibility 
(JaUjjail) of weak soil. The leaning Tower of Pisa, built 1173-1350 A.D. is a 
very famous example. Nevertheless, many foundation problems were handled 
successfully. An example is found in Taj Mahal in India where the terrace and 
the buildings adjacent to the river, as well as the minarets, were constructed 
on a compacted layer of masonry supported on masonry cylindrical wells 
sunk at close intervals. In Cairo, several old mosques with deep wells (sabil - 
and remains of palaces indicate engineering knowledge of soil 
problems. 
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During the seventeenth and eighteenth centuries France made great advances 
in the field of public works and established the Department for Roads and 
Bridges in 1715. The first major scientific contribution in the field of Soil 
Mechanics came also from France when Coulomb (1776) published his 
wedge theory of earth pressure. He was the first to introduce the concept that 
the shear strength of soil consisted of two components, cohesion and friction 

The next episode witnessed several scientific contributions. During 1788- 
1867 Poncelet gave the graphical solution of the earth pressure for vertical 
and inclined retaining walls. Culmann (1866) presented the graphical 
formulation of the earth pressure theory. In 1871 Rebhan presented also a 
graphical solution of the earth pressure problem. Darcy (1856) made his 
contribution of the flow of water through soil. In the same year Stoke 
presented the law for settlement of solid particle in a liquid. In 1857 Rankine 
published his earth pressure theory. He also suggested a method for 
calculating the bearing capacity (J^i ®j-^) of foundations. Boussinesq (1885) 
solved the problem of stress distribution in semi-infinite elastic medium under 
surface point load. In 1871 Mohr presented the graphical representation of 
stresses at a point. 

The basic physical properties of soil were not understood until the beginning 
of the twentieth century. Atterberg (1911) was the first to propose the 
different stages of consistency (e'j-^') in which a clay soil mass exists 
depending on its water content. The shear strength of sand was first studied 
in the shear box perhaps by Leygue (1885), then this apparatus was 
improved by Terzaghi and Casagrande in U.S.A. and by Krey in Germany in 
1918. More advances in the Rankine's earth pressure analysis were given by 
Resal (1910) and Bell (1915) which included both soil friction and cohesion 
in the analysis. Bell also developed a method for calculating the bearing 
capacity of cohesive soil. Petterson and Hultin (1916) used the circular 
sliding assumption to suggest the friction circle method of stability analysis. 
Fellenius, who was the chairman of the Swedish geotechnical commission, 
developed the Swedish circle method in 1926. In 1920 Prandtl presented the 
theory of plastic equilibrium. In 1922-23 Pavlovsky solved the complex 
problems of water seepage below hydraulic structures with the electrical 
analogy method. 

In 1923 Terzaghi published his theory of one-dimensional consolidation, and 
in 1925 he published his book which was titled 'Erdbaumechanik ", the 
German equivalent of "Soil Mechanics". In the following years Terzaghi 
made numerous contributions in the field of Soil Mechanics and 
Foundations. He is considered the "Father of Soil Mechanics". An important 
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development was made by Proctor (1933) on the principles of soil 
compaction (“LjjII 


During the past 60 years great advances in soil mechanics and foundation 
engineering were made. Several institutions are established devotedly for 
geotechnical research. Since 1936 International Conferences are held each 
four years by the International Society for Geotechnical Engineering. Many 
other regional (^-^') and specialized conferences are held in which 
scientists and engineers present their contributions and exchange knowledge 
and experiences. Several periodical are published dealing solely with Soil 
Mechanics and Geotechnical Engineering. 

In Egypt, Cairo University established the Foundations Research Laboratory 
in 1933. Great efforts were made by pioneers such as Dr. William Seleem 
Hanna, Dr. Mohamed Kamal Khalifa, Dr. Mohamed Said Youssef and many 
others in order to introduce Soil Mechanics trends to practicing engineers. 

The soil properties in Cairo and in some other cities were investigated. 
Settlement studies of several public and private buildings were undertaken. 
These works were presented in the First International Conference and the 
following conferences. The first Egyptian to obtain Ph.D. degree ( 
at jj j£xSI) in Soil Mechanics was Dr. Mohamed Kamal Khalifa. He wrote 
the first book published in Egypt on Soil Mechanics in 1946. 


1.3 Formation of Soil (yyJi 
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Soil is the product of the natural weathering of rocks. Soils have been 
continuously formed and then transported by rivers, wind and ice. They 
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form through physical, chemical and organic weathering of rocks and the 
mechanical disintegration of rock fragments during transportation in 
streams, rivers, ice and wind. 


1.3.1 Classification of soils with relation to their formation 


Soils are classified according to their formation as follows: 

(a) Residual soil: 


Residual soils are formed in-situ by weathering of the original rocks. They 
usually consist of stoney-clayey-sandy silts, Fig. 1.1. 


4 i-v U,.' 4avU 




^ 44 “ 
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Fig. 1.1 Profile of residual soil 

If the finer particles are leached out, they will be formed of residual rock 
debris 1 ' >^). Rock fragments have sharp edges and include 

materials of the parent rock (fVI ji—41). 


(b) Transported soil: (444&» 

(i) Alluvial deposits (4^1 cjUwijj) ; 

The water flowing down mountains, Fig. 1.2, can carry rock fragments of 
varying sizes. Abrasion causes these fragments to become rounded forming 
boulders, cobbles, gravel and sand grains. The very fine products of this 
process form silt. Clay is formed by chemical alteration of some rock 
minerals. 
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Fig. 1.2 Longitudinal section of a river and the type of alluvial sediments 

It is generally found that the alluvial deposits become finer as the distance 
from their origin increases, and the distance from the bank in the direction 
perpendicular to stream increases. Lakes formed due to changes in stream 
course () are filled with fine sediments (called lacustrine deposits) 
formed mainly of organic silt and peat (3Jki« ->'>*). Deltas also are 

formed of silt deposits interlayered with sand brought by seasonly 
flood. 


(ii) Marine deposits ; 


The particles of clay and silt are carried by rivers to the sea where they 
collect together and are laid down to form deposits of mud interlayered 
with fine sand brought during flood. Shallow water deposits include also 
beach sands (LnLLi JUj). Deep water deposits are formed of calcareous 
clay size particles, originally microscopic organisms, and brown clays. 

(iii)Wind below deposits ou*./) : 

Wind blown deposits include sand dunes u^) which are formed of 
rounded, uniform and loose sand particles. The dunes may be mobile 

w hen exposed to capillary rise of water they become stable. 
Loess is also a wind blown deposit formed mainly of silt with fine 

sand and clay. It is usually cemented immediately after its deposition by 
calcium compounds, iron oxides or other materials which gives it high dry 
strength. However, due to its open particle arrangement, loess collapses 
(jU-y) when exposed to foundation load then access (Jj^) of water. Silt 
particles are picked up by strong winds and transported long distances 
then settled to form loose deposits. They are often cemented (e.g. with 
calcium carbonate) immediately after their deposition. Dry sands can also 
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be moved by wind forming sand dunes. These sand dunes are continually 
movable until they reach moist ground becoming gradually immobile. 


1.4 Soil formations in Egypt 

The Nile Valley and Delta are formed of Nile alluvium. This alluvium is 
usually charaterized by upper layers of silt and clay followed by sand . In 
Cairo, the alluvium is normally topped by several meters of fill. Deposits 
near the Nile (e.g. El-Kornish, Shobra, Zamalek, Roda, Agouza) are 
mostly formed of silt and sand. Deposits far from the Nile (e.g. El-Qobba, 
Dokki, Al-Elaram) usually contain layers of stiff clay. The thickness of 
Nile alluvium is about 20 to 25 m. 

In the Delta, erratic ( fhVu jj&) formations are encountered. Layers of 
organic soil (or peat) exist in several locations particularly from Mansoura 
to Domiat. The northern parts of the Delta are affected by the marine 
environment (<%). They have different formation characterized by "soft" 
clay layers. 

The formations bordering the Nile in the south are Nobian Sandstone 
(oj-^j >—illfSa) and igneous rocks. Cretaceous Formations ( 

outcrop opposite to Kom Ombo and 
extend to Nag Hammadi. The northern areas up to Cairo are Eocene 
formations (o^'j t> eiUili). j n foe 

area between the alluvial plain and the cliffs, also in the small valleys 
draining into it, there exist normally minor deposits of Pliocene and 
Pleistocene deposits (o^=j 

From Cairo northwards the Eocene Formation is followed by Oligocene 
Formation consisting of gravels, sands and sandstones, and a sheet of 
dolerite (basalt), followed by Miocene Formation of sandstones, 
limestones and clays. West of the Delta Pliocene Formation of sands and 
gypseous clays overly the Miocene formation. Pleistocene and Recent 
deposits consisting of gravel and sand border the remaining part of the 
Delta on both sides as far as the Mediterranean sea. 

It should be mentioned that the clays in the Desert formations are usually 
of the expansive (ji'-&jAi JJi) nature which undergoes marked volume 
change when exposed to change in water content. Problems associated 
with expansive clays, called "bagah" (^W) have been encountered in 
Aswan, Esna, El-Kharga Oasis, El-Dakhla Oasis, New Maadi, Madinet 
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Nasr, Sixth of October City, Tenth of Ramadan City, Suiz, Hurgada, and 
many other locations. 

Typical borehole logs (cA-l*. CjL&lLa) in several locations in Egypt, Fig. 
1.3, are shown in Fig. 1.4. These logs show possible succession of soil 
layers olida within the locality. 

These logs represent the soil formation at the specific site where they are 
executed and NOT the formation of the whole region. 


Fig. 1.7 shows examples of soil borehole logs at some locations in both Nile 
deposits and “desert” deposits. 
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Fig. 1.4 Typical borehole logs in some locations in Egypt (cont.) 
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Fig. 1.4 Typical borehole logs in some locations in Egypt (cont.) 
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Fig. 1.4 Typical borehole logs in some locations in Egypt (cont.) 
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Fig. 1.4 Typical borehole logs in some locations in Egypt 
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1.5 Soil Structure (4 j>J' <ry s >) 

The arrangement of soil particles is called soil structure. It depends on the 
type of soil and its mode of deposition. 

1.3.1 Particle arrangement in coarse grained soil ( 
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The structure of a coarse grained soil is governed by gravitational forces. 
Under the influence of gravity the coarse grains form a particle contact. 
Fig l.o shows that coarse particles can may be packed in different 

structures ranging from dense to loose. 

m o 

Dense Loose Honycomb 


Fig. 1.5 Types of single grained structure 


1.3.2 Particle arrangement in fine grained soil: 
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The structure of fine grained soils (diameter < 0.002 mm) is governed by 
the electrical forces acting at the surfaces of the particles. The influence 
of gravity is insignificant in this case. Such material, in which the 
influence of surface electrical changes is predominant, is said to be in 
colloidal state (A?jj^ <kL). Colloids are conventionally of effective 
diameter < 0.001 mm. If the net electrical forces between adjacent soil 
particles in the time of deposition are attraction, a flocculated structure is 
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formed; if the net electrical forces are repulsion, a dispersed structure is 
formed, Fig 1.6. 
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OL~«i y) 


Dispersed 

(4jJlP «L» OLt y) 


Fig. 1.6 Fundamental types of clay structure 


The clay structure in nature is very complex (ai**) and is mostly affected 
by the amount and type of clay mineral present, the proportion of silt and 
sand content, depositional environment A -^) and chemical nature 

of the pore water. A wide variety of common structural forms are shown 
in Fig. 1.7. 
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Fig. 1.7 Clay particle arrangement 

Fig. 1.8 illustrates a micrograph of an expansive clay JJi jxL) 

showing the clay structure as obtained by the scanning electron 
microscope 
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Fig. 1.8 Micrograph of expansive clay from El-Gharga 

The macro-structure of a clay soil comprises the structure which can be 
seen with the naked eye I apJ') and generally consists of features 

produced during deposition such as inclusions partings (CjUUily 

laminations varves and features produced 

after deposition such as as fissures (ejUalij), joints shrinkage 

cracks j^), root holes 

Fig. 1.9 shows the macro-structure of a very stiff aluuvial (Nile) clay. The 
varves are clearly shown, also the shrinkage cracks and fissures. 
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Fig. 1.9 Macro-structure features of clay deposits 
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1.6 Clay mineralogy 


4_J )jLJl CaIaaSjaII <ja SAaAX iaLojl A^.Jj 
cj aI^aII 4_L_xjj1 L^jUj£a 4_3jjca j CaLaaSjaII $AJb ^j_c, c q»* 

4 4 u U (JaI^A ^ ^JLoull L j? )l (JaIsaIIj ^ja£I AajujIj 

J4=AIj 

♦♦ > ' 

j\ A AAaJl $1) ^j \)a /VI ) , 4_AxIj jll ISjLjuo-JI ^AA_^. 9 j AAxA Q 
/aA i qVw \j» _ ^jdJall S^)/a] jll (JJ)^a\1 5 CaLaaIS ^jJuaA*_a1I 
I £ at a 4J^.|aaa1I PaLslaII pljjt c. at**wN L&£, ? CaSa^. . dA& (jU-ajj 
.ijAall j-A pj-W' t>« iJ^c. lilij ,J-C- 0J_U oJ_u£ 4_a.,j:u 

^ ^ liAj <iL_ juJ l £ 1 4 a jJLa 4_alx- 4 a i ^ ^jj_Ll! 3 ) |_L q 

4_1aLx1^ ^)4c- I ^ L» »■ a 4 aa^)^£ 1I 4 w ::A\j \ a «v 4j/JLallj 

.^LaII CaU jj| 3 jk J 1$a]| S_JA^J Laa 


5 j/all jAU-aII ja "CA&ja^ A | m -jAaxAA ^A^-aII /$Aj 
LaA j Ca^V^ ( jplalt (JAaa 4_C- ja> a j CLyUyi jtJUf (jAauA 4x>j)A^ a 


(j.4—y-A 4 _Xja-^a f-i 5 C—LaSjaII 4_aIa 1I (jA_Idl CaL_Xja-^a ^j—a 
L& ljji ^Ja*j ^pll (tlijUjlulli UjUj ‘-ij*j) wjjUjLjjA 141 
(j-*aJ_AJ ^lJLuLa ^)AX a! C \\ n jJbj, oLaaIS 4_*Aa^*A AAC- ^jjJall j_a 
Laa ^JJ-LII (jA-LlI 04 jA oIaaII CaUjaI (JikAJ 9 4Jbl j~a oUaII 
(jiliAjl (ilii (jx. 0jjj 5 l^judij 4 ^jAiall CaLll^. ^jaUajI AAAuA 
AJ SAaI j CaIaI^V I^aIc. <ajIIaII ^UaII (J^JPU Laa SjAJ 4a jaII 

^3-UaA 9 A^_ 9 k. jA ^JA P lAib^j J ^ r. ^ ^ c_iJbuA 

^aLjlaII i ^x^a-A 4 _aaAa , ^_A L^a_jl Aj_=k .ja 9 ,? 4_^.Ia ?5: La1^-a 4 aIc. 
i^j_A j (^j^)jaJI 4_ajAa j jpLja-A j _a ^jojIalII 4_ajAa j SAaAsJI 
t ^vl <a^L> ^jajA^AJ 4_j1aa1I 4_j /I J ( jx^a 4a j* ^ V> ^J^LaaII 

A_3la jJ_a )* »4jua 3 , Lja—jl 1 ^ ^ l5^ >>w ^ 4_-A-iia 

AAjJa_Lkjl aI ajAjaJI ^jaLa£aVU 4_LIb I ^ U ^j_a caaIa^Ia ^aIIaS 
.oIaaII I^aII AAJJjaJ IaI ^jJjliAjiU ^A ( Clia>j L^AX 4 a 3J_ajI oLaaII 


Clays are formed of very small particles of hydrous alumina silicates, 
shaped as extremely thin sheets. They behave as plastic material when 
mixed with small amount of water. They are highly resistant to 
weathering agents. 

There are two fundamental building blocks for a clay mineral structure: 

(a) Silica tetrahedral unit 

The silica tetrahedral unit, Fig. 1.10, has four faces. It consists of four 
oxygens or hydroxyls enclosing a silicon atom. The chemical formula of 
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the tetrahedral is (SUOio). Its symbolic shape is as shown. The 
tetrahedral are combined with the neighboring units forming hexagons. 

Silicon 
0 Oxygen 

L -v 

Symbolic block 

Fig. 1.10 The silica tetrahedra 

(b) Octahedral unit “Gibbsite” 

The octahedral unit has eight faces, Fig. 1.11. It consists of an aluminum, 
iron or magnesium atom enclosed in six hydroxyls. Its symbolic block is 
as shown. If the enclosed atom is aluminum, the octahedral unit is called 
"gibbsite" with chemical formula Al 2 (OH) 6 . If the enclosed atom is 
magnesium, it is called "brucite" with chemical formula Mg 3 (OH) 6 . The 
octahedral are arranged in sheets bounded from the top and bottom by 
two planes of (OH). 

r J Aluminum (or 

magnesium or iron) 

| ; Hydroxyle 


Octahedron unit Symbolic block 

Fig. 1.11 The octahedra 

Clay minerals are formed from silica tetrahedral and octahedra in 
numerous arrangements. A number of the silicon atoms in the 
tetrahedral may be substituted by aluminum atoms, and a number of 
the aluminum atoms in the octahedral may be substituted by 
magnesium or iron atoms. This is called "isomorphous substitution". 

Three main clay mineral groups are well known. These are, Fig 1.12 : 




Tetrahedron unit 
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(a) Kaolinite: 

It is formed of gibbsite sheets joined to silica sheets. The structure of 
kaolinite is like that of a book, each leaf is 7x10" mm thick having the 
shown form. Successive sheets are held together by hydrogen bonds. The 
kaolinite particle is 



Rigid lattice 

Expanding lattice 


C-7 

T-7 

4 —^ 


L _ i 

} —l 

- P— 

Potassium + 4- -M — Water 

J—l 

\ / 

‘■i- f and ions 

i _ 1 

L _ i 

l _ i 

Kaolinite 

Illite 

Montmorillonite 


Fig. 1.12 Structure of famous clay minerals 

2 3 5 4 

a plate, 10" to 2x10' mm wide, and 10' to 10' mm thick. Since hydrogen 
bond is fairly strong, it is extremely difficult to separate the layers, and as 
a result kaolinite is relatively stable and water is unable to penetrate 
between the layers. 

(b) Illite : 

It is formed of successive units each of a gibbsite sheet sandwitched 
between two silica sheets. There is partial replacement of the silicon by 
aluminum in the silica sheets which is balanced by potassium between the 
layers. The bond of illite is weaker than the hydrogen bond, and the illite 
crystal has greater tendency (^ta) to split (jiaAii) than that in kaolinite. 
Illite structure does not allow water movement between the sheets. Illite 
clay particle may be 10' to 5x10" mm in lateral dimensions, and 5x10' to 
5x10' mm thick. 

(c) Montmorillonite : 

It is similar to illite, besides gibbsite layer may include atoms of 
aluminum,_iron, magnesium, or a combination of these. The silicon atoms 
of tetrahedra may interchange with aluminum atoms. Cations in soil water 
(e.g. Na+, Ca++, K+ etc) are attracted to the surfaces of clay plates and 
exist in a state of continuous state of interchange. Successive sheets are 
very weakly bonded and water may enter between the sheets causing 
montmorillonite to swell. The thickness of montmorillonite unit, or sheet, 
is 10' mm; lateral dimensions are indefinite. 
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1.7 Nature of clay water system 



When clay is mixed with water a plastic material can be formed. Different 
clays may be distinguished by their plasticity characteristics because these 
characteristics vary with the surface activity of the constituent particles. 

The phenomenon of plasticity of clay-water system may be explained by 
examining the nature of water near the surface of clay particle, Fig. 1.13. 
Since water is dipolar (cJaSll 4 jjUj) in molecular structure, the water in the 
vicinity (vj^) of clay particle is effectively immobilized j^) 

by the surface charge. It is adsorbed and may be considered 

essentially solid. As distance from the particle surface increases, the 
orientation of water is reduced in degree until, at the boundary of 
the particle‘s influence (limit of diffuse double layer), the viscosity is that 
of free water. 


Free water — tj - 0 



Water molecule 


Adsorbed water 


Clay particle 


g _ J !=i 


Fig. 1.13 The clay water system 


With an abundance of water, soil would be separated by free water and 
the mixture would be fluid. As the amount of water decreases, the 
particles are separated by increasingly stiffer water. The mixture become 
as a solid. The soil water system, thus, has a range of water content over 
which it may be plastic. Change the constituent phases (soil type, or fluid) 
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causes a change in the plasticity range. This permits us to distinguish 
among soils on the basis of their plasticity. 
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1.8 Questions 

Answer Yes or No: 

(1) Application of the rules of soil mechanics is required when studying 
the following subjects: 


(i) Construction of buildings. 

(Y/N) 

(ii) Construction of roads. 

(Y/N) 

(iii) Petroleum industry. 

(Y/N) 

(iv) Land reclamation 

(Y/N) 

(v) Disposal of nuclear waste. 

(Y/N) 


(2) Natural soils have the following properties : 


(i) Particles of residual soils get finer 
with depth. 

(ii) Stone fragments in the top layers of 
residual soils have exactly the same 
mineralogical composition as that of 
the bottom layers. 

(iii) A soil consisting of successive layers of sand-silt 
and rock debris can be considered as a residual 
soil. 

(iv) Alluvial deposits at the river bank are generally 
coarser than deposited far from the river. 

(v) Marine clayey deposits are generally denser than 
alluvial clayey deposits. 

(vi) Soil forming sand dunes is formed of particles of 
nearly equal size. 

(3) Soil structure has the following characteristics : 


(Y/N) 

(Y/N) 

(Y/N) 

(Y/N) 

(Y/N) 

(Y/N) 


(i) Sand gravel mix is always stable. (Y / N) 

(ii) Sand deposited in water is more stable 

than that deposited in a dry condition. (Y / N) 

(iii) Clay mixed with sand is always flocculated 


(4) Clay mineralogy indicates that: 


(i) Kaolinite crystals are formed only from silicon and 

aluminum. (Y/N) 
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(ii) Illite is more stable than montmorillonite. 

(iii) Natural clays having abundant fraction of 
montmorillonite can be troublesome 

(iv) Equal quantities of clay take also equal quantities of 
water to become plastic paste. 


(Y/N) 

(Y/N) 

(Y/N) 


□ □ □ 



